m'ay be the electron acceptor in photoreduction in this organism.
The synthesis of ATP and the ATP-supported transhydrogenase is inhibited by oligomycin. This inhibitor does not affect the light-mediated reaction.
The light-dependent reduction of pyridine nucleotides by cell-free preparations of photosynthetic bacteria is well established. Frenkel (6, 7) has (lemonstrated that Rhodospirillurm ruibruti chromatophores catalyze the photoreduction of NAD if FMNH. or succinate is added. These res,ults have been confirmed and extended by other researchers (11, 18. 19. 20) . Recently, Hood (8) showed that a small particle preparation from Chromiiatiumii suipports a succinate-dependent photoreduction of NAD. In experiments reported thus far, there is little indicationi that photosynthetic bacteria photoreduce NADP. Nozaki et al. (12) have shown that NADP is photoreduced by chromatophores of Rhodospirilluinii rubrumn, however, only if catalytic amounts of NAD are present. They suggest that NAD is photoreduced and NADPH is formed via transhydrogenase. This interpretation may also explain the photoreduction of NADP 'by Rhodospirillmn ruibrumiii reported by Vernon in an earlier communication (20) . Recently, Yamanaka and Kamen (22) demonstratecd that NAD and NADP are reduced nonphotosynthetically by ferredoxin and NADP-reductase of Rhodpscudonionas paluistris. They ' found that NADP was a better electron acceptor than NAD and suggest that NADP 1 This iinvestigation was supported by a research granit (NSF-GB 3908) from the National Science Foundation. m'ay be the electron acceptor in photoreduction in this organism.
We have investigated the photoreduction of pyridine nucleotide by cell-free preparations of Rhodopseuidomiionas sphcroides, and in this paper we report a light-dependent reduction of NADP.
Experimental
Six-liter batches of Rhodopseuidornonas spheroides were cultured in 2-liter Roux culture bottles in Hutner media modified according to Cohen-Bazire et al. (4) . After inoculation, the bottles were filled with sterile media and illuminated from both sides by 2 banks of 40-w showcase laimps with an intensity of 200 ft-'c. Cells were grown at a temperature of 300 and harvested during the logarithmic phase of growth (48-52 hr). After washing twice with 0.1 M TrisHCl buffer-10 % sucrose (pH 8.0), the cells were suspended in the same buffer (1-5, w/v) and disrupted in a pre-cooled French Pressure CdllI at 20, 000 psi. All operations were 'conducted at 0 to 20 unless otherwise stated. The broken cell suspension was centrifuged at 18,000 X g for 15 minutes and the resultant suipernatant material was recentrifuged at 37,000 X g for 1 hour. The heavily pigmented 37.000 X g supernatant fraction is referred to as crude extract. Chromatophores were prepared by centrifuging the crude extract at 150,000 X g for 90 min-937 periments. Thus, it appears likely that the sole function of the supernatant fraction is to supply NADH.
It is apparent that much greater rates can be obtained if an NADH generating system is present in the reaction mixture. In addition, a photoreduction of NADP can be demonstrated aerobically and the rate is almost identical to the reduction rate under anaerobic conditions. In a typical experiment aerobic and anaerobic rates were compared over a time period of 5 minutes by measuring the absorbance at 340 m,u.
For the light reaction the absorbancy change was 1.357 under anaerobic conditions and 1.282 in air. All rates were linear over the time period and -the light-minus-dark difference was 0.863 and 0.812 absorbancy units for anaerobic and aerobic conditions. respectively. Thus, subsequent experiments were routinely performed aerobically and reaction mixtures were supplemented with a catalytic amount of NAD, ethanol and yeast alcohol dehydrogenase.
The results obtained here are similar to those of Nozaki et al. (12) , who demonstrated that chromatophores of Rhodospirilluiml. rubrurn will photoreduce NADP at a rate comparable to succinate-c'ependent NAD photoreduction if a catalytic amount of NAD is present in the system. They suggest that the photoreiduction step involves NAD alnd NADP is reduced via transhydrogenase. The preparations of Rhodopseuidomlonas spheroides used in these experiments were found to be high in transhydrogenase activity (240 units/ml). Thus, it might be argued that a similar mechanism for NADP photoreduction is operative in this organisn. This mechanism is not consistent with our observations, since we have noted that a significant NAD photoreduction cannot be demonstrated with Rhodopseuidomiionias spheroides extracts when either succinate or the 2,6-dichlorophenolindophenol-ascorbic acid couple is supplied as the electron donor. In addition, if the sole purpose of light was to photoreduce NAD, it would seem reasonable to expect that light could be replaced by the NADH generating system. The reduction of NADP would then be a dark reaction via transhylrogenase and there should be no light-minus-dark differences under these conditions. This is not in evidence from the data of figure 5 . The dependence of the photoreduction of NADP on NADH might, however, be explained on the basis of an energy-linked transhvdregenase similar to that of mitochondria (5) . In the mitochondrial system, NADP is reduced by NADH and there is a requirement of ATP.
To test this hypothesis, an experiment was performed in which ATP was substituted for light. The results presented in figure 6 show that when ATE' is present, the reduction of NADP prozeeds at the same rate as the light reaction. This suggests that Rhodopseuidomiiontas spheroides contains an energylilnked transhydrogenase that can be driven by ATP. It seems possible that a similar enzyme system mayr be operative in the light-dependent reaction. In this case, the energy needed to drive the reaction is supplied by light. 
